Abstract. Wind turbine blade, which was made of composite materials, is one of the most important parts for wind turbine. The better design, higher reliability and superior performance of wind turbine blade are the decisive factors for normal and stable operation of wind turbine. In this paper, the influence of beam structure on the modal characteristics of wind turbine blades under static and rotating states were studied by using ANSYS finite element method software. Comparing the simulation results it can be found that although working conditions has little effect on vibration modes, natural frequencies are depended on the working conditions and beam structures.
Introduction
In recent years, wind energy becomes the most rapidly developing clean energy in renewable energy, but also the most large-scale development and commercial development of renewable energy. Wind power is the main way of wind energy utilization. Blade is the key aerodynamic component of the wind turbine. The better design, higher reliability and superior performance of wind turbine blade are the decisive factors for normal and stable operation of wind turbine. In the same time, blade is easy to vibrate. In order to avoid the damage caused by the blade resonance, the modal analysis is required to determine the vibration characteristics of the blade [1] .
Wind turbine blades are rotating moving parts and the dynamic characteristic is the key to design. Thus the influence of the design parameters to the dynamic characteristics of the blade should be considered [2] [3] [4] [5] [6] [7] [8] . Wangyu Liu et al. [6] studied the layer Angle effect on the wind turbine blade vibration characteristics, the results showed that when the influence of the Angle of beam was designed around 20°, the Angle of the skin was designed around 13°, the blade vibration characteristics is best. Chen Chen et al. [7] discussed the influence of chord length, twist angle of structure parameters blade on the blade vibration characteristics, obtained the quantitative relationships between the wind turbine blade vibration characteristics and structural parameters. Since blade has complex structure and external changeable condition factors, there are many unsolved problems about blade research. Moreover, there is little study on the effect of beam structure on its modal characteristics. In this study, 1.5MW wind turbine blades with six types beam structures were studied to discuss the influence of beam structure on the modal characteristics.
Finite Element Analysis
Blade design is the core and key of the design of the wind turbine, which has a great influence on the performance of the wind turbine. Blade design steps to determine the rated wind speed and wind turbine rated power; calculating the wind turbine wind wheel diameter; determine the tip speed ratio; selected blade airfoil and blade number; the calculation of the leaf of chord length and twist angle. The diameter of the wind turbine is generally estimated by the following equation:
Considering the structure strength, the traditional wind turbine airfoil NACA4412 (National Advisory Committee for Aeronautics) was used in this paper. According to the blade design parameters from Reynolds number 106, the aerodynamic analysis and design professional software Profili, can get the airfoil lift drag ratio and angle of attack. In this study, blade angle of attack for 5 degrees. At this time, the lift coefficient C L is 1.0.
The blade along the length direction of the isometric divided into 21 sections, design the model according to the Schmitz can be calculated each section chord C and installation angle theta respectively:
Here: N is the number of leaves, the lift coefficient of C L is the lift coefficient of the blade, r represents the distance of each section in the blade to the blade heel, the radius of R is the radius of the blade, λ 0 represents tip speed ratio of the blade and the tip speed ratio of the blade tip is 0, α represents angle of attack of the blade.
Using the Profiling software to get the wing of the original data, the three-dimentional model was built by using software AutoCAD and SolidWorks. Main girder is the main load-bearing components. Therefore, the design of main girder's cross-section geometry is particularly important. At present, there are generally the following categories: O type beam (also known as the tube type) structure, type I beam (also known as "work" type) structure, double I type beam structure and box type structure. In addition, according to the different position of the beam in the blade, some types of the beam can be subdivided. Such as double I type beam structure can be divided into two main girder structure, the main beam structure, etc. In order to increase the gap between the tip and the tower body, improve the safety performance of the blade, pre-curved blade with double I beam structures are mostly used [9] . In this study, for the I type beam structure, the beam is located in 40 percent; for the double I beam structure, the beam is located in 24 percent and 54 percent [10] , the models are shown in Figure1. 
Results and Discussion
In this paper, the material of the blade is made of glass fiber reinforced composites. In general, ideal wind turbine blades should meet the following criteria: lower weight, thinner thickness, higher strength, stiffness and natural frequency. It can be seen from Figure 2 (a) that the natural frequency increases with skin thickness. When the thickness of the skin change from 2cm to 4cm, the natural frequency of the growth rate is larger; when the thickness of the skin change from 4cm to 10cm, the natural frequency of the growth rate is smaller; Figure 2 (b) shows when the thickness of the skin changes from 2cm to 4cm, the maximum amplitude decrease greatly, and when the skin thickness changes from 4cm to 10cm, the maximum amplitude decrease less. The thickness of blade internal rib cross section where the length of the chord 1% [11] . Thus, in this paper, the skin thickness chooses 4cm to make the blades have lighter weight and larger stiffness. After setting the material parameters, the grid is divided and the modal characteristic under static state and working conditions are analysed by using numerical simulation. The natural frequency and vibration mode of the blade are calculated by ANSYS, and the first 6 order modes are extracted from the finite element simulation. After simulation, the first 6 order natural frequencies under static state are shown in Table 1 . It can be found that in a higher-order beam structure to improve the natural frequency of the blades, that is, to increase the stiffness of the blade, but in the low order structure beam on the natural frequency of the promotion effect is not big, and even declined. In the work process, the external loads are mainly vertical loads, including the aerodynamic pressure and the centrifugal force generated during the rotation of the blade. If through the wind generator flow uniform wind speed and constant, that leaves the wind pressure is constant load. Therefore, the force of the wind pressure on the blade was loaded as pre-stressing on the blade to study the vibration characteristics of the blade. When the model was calculated, the blade root was constrained and the blade from the blade root to tip was divided into 6 sections. From the first airfoil the section was set for every 7.5m. Then, the wind loading of each section which vertical to the chord direction was calculated. After calculation of ANSYS finite element software, the dynamic frequency characteristics of different beam structures under the same wind pressure are also shown in Table 2 . From Table 2 we can see beam structure in higher-order would increase the vibration frequency of the blade, that is, an increase of leaves stiffness but in the lower order, reducing the blade vibration frequency, reduced the stiffness of blade. Aerodynamic loads take effect on natural frequencies mainly through the setting angle, and these effects are very little.
The first 6orders vibration modes of without web beam structures under static stare rare shown in Figure 3 . From the results, it can be found there are 3 main types of the blade's vibration: waving, oscillating and torsional vibration. In the first three orders the main vibration modes are waving and oscillating, in the 4, 5 and 6 orders torsional vibration is appeared. In the 6 order torsional vibration is the main vibration mode. Based on vibration theory, during vibration process, the energy mostly existed in first and second order which is the main reason of blade damage. Form the result it also can be found that the displacement of blade with beam structure is smaller than the blade with hollow structure. It means that beam structure increases the strength of blade and makes it more stable. Comparing the results of rotating state with static state, it can be found that the vibration modes are similar. It means that wind loading has little effect on vibration modes. The figures are not shown here.
Summary
In this study, the effect of beam structure on modal characteristics of wind turbine blade with different beam structure under static and working conditions were analyzed. According to the obtained results, the following conclusions can be drawn: a) During process modeling, skin thickness should be considered.
b) The main vibration modes of blade are waving, oscillating and torsional vibration. Although the vibration modes under different states are similar, the natural frequencies of rotating state are higher than static state, which is caused by stress stiffening during blades rotating. c) Through comparison of different beam structure vibration frequency, it can be found that in the higher order vibration, beam structure is higher than the hollow structure vibration frequency, stiffness, but in the low order is the opposite, the complex beam structure due to the rotation of the softening effect weakened the leaf of stiffness.
